Additional key phrases: maple syrup urine disease; neonates; diabetic ketoacidosis; organic acidaemia
Recently it was reported that some organic acids interfere with the measurement of CO 2 concentration on the Kodak Ektachem analyser. [1] [2] [3] The present study was stimulated by the observation of a discrepancy between total CO 2 concentration determined on the Kodak Ektachem 700 analyser (plasma total CO 2 18 mmollL) and derived HCOi by the Corning 170 pH/Blood Gas analyser (whole blood derived value 13mmollL) in an 8-day-old infant with maple syrup urine disease (MSUD). Patients with MSUD characteristically exhibit high serum concentrations of the organic acids a-ketoisocaproic acid, o-ketoisovaleric acid and DL-aketo-d-methyl-n-valeric acid." In our patient, branched chain ketoacids were not measured. However, calculations based on the direct relationship between amino acid and ketoacid values' indicated a total keto acids concentration of about 2·4 mmollL (reference range 0'065-0·147 mmollL). Therefore the high serum concentration of organic acids might have interfered with determination of CO 2 by the Ektachem 700 analyser. This finding led us to examine the effect of differing concentrations of 22 commonly encountered organic acids and drugs on the measurement of CO 2 by the Ektachem 700 and to compare the measured total CO 2 by the Ektachem 700 with the derived HCOi by the Corning 170 in children with diabetic ketoacidosis and in a population of neonates.
MATERIALS AND METHODS
Unless otherwise stated, all chemicals were obtained from Sigma Chemical Company (St Louis, MO 63178, USA). Stock solutions of organic acids and drugs (100 mmollL) were prepared in 51170 (w/v) human albumin (Immuno-U.S., Inc., Rochester, MI 48063, USA). Serial dilutions with concentrations up to 10 mmollL were prepared in fresh drug-free heparinized plasma obtained from healthy laboratory personnel and analysed immediately by single measurement for CO 2 by the Kodak Ektachem 700 analyser (Eastman Kodak Co., Rochester, NY 14650, USA). The CO 2 concentrations of these laboratory volunteers were within the reference range (20-28 mmollL). The day-to-day imprecision (CV) for the CO 2 method was 5·81170 Eleven patients with diabetic ketoacidosis were seen in the Emergency Room at Children's National Medical Center. All tested positive for serum ketones (acetoacetic acid and acetone) by a semiquantitative procedure (Acetest Reagent Tablets, Miles Inc., Elkhart, IN, USA). Whole blood pH and derived HCO:! were determined on the Corning 170pH/Blood Gas analyser (Ciba Corning Diagnostics Corp., Medfield, MA 02052, USA) and plasma total CO 2 and anion gap were measured on the Kodak Ektachem 700. The day-to-day imprecision for the derived HC0 3 -method was 2· 8OJo at a concentration of 43 mmollL and 4·9% for a concentration of 16 mmollL. The day-to-day imprecision for pH values between 7· 1 and 7 . 4 was less than O·8% .
Total CO 2 and derived HCO:! were determined in 42 neonates from the Nursery Unit at Children's Hospital and 29 children over the age of 1 year using heparinized blood and plasma. Linear regression analysis was used to assess the correlation between the two analytes in the two patient groups.
RESULTS
An increase in the measured plasma CO 2 concentration was observed after the addition of 10 mmollL of each of the three ketoacids normally present in an MSUD patient, aketoisovaleric acid (148%), o-ketoisccaproic acid (120%), and Df.-o-keto-d-methyl-n-valeric acid (100% ; Table 1 ). No significant change in the pH of the specimens was noted after the addition of the organic acids. The laboratory evaluation of our patient on day 2 included total CO 2 (Ektachem 7(0) = 18 mmollL (reference range 20-28 mmollL) and anion gap (Ektachem 7(0) = 19 mmollL (10-18 mmollL), values that do not suggest a metabolic acidosis. However, the derived HCO:! (Corning 170) was 13 mmollL (17-24 mmollL) and the pH was 7'29 (7'35-7· 45) . A diagnosis of MSUD in this patient was only made after plasma amino acid assay revealed a leucine of 2290 l£IIlol/L(50-100 l£IIlollL), isoleucine of 300 /olmollL (20-75/olmoIlL) and valine of 895/-Lmo1lL (80-200 /olmoIlL). Therefore, the discrepancy between the measured total COl. concentration and the derived HCO:! concentration in this patient most likely resulted from interference by organic acids with the determination of total CO 2 by the Ektachem analyser.
Furthermore, an increase in measured CO 2 was noted for 10 mmollL phenylacetic acid (100%), homogentisic acid (50%), {j-phenylpyruvic acid (45%), hydroxyphenylacetic acid (32%), propionic acid (25%), acetoacetic acid (33%), hydroxyphenylpyruvic acid (23%), hydroxyphenyllactic acid (23%), salicylic acid (24%) or L-( + )-hydroxybutyric acid (20%; Table 1 ). A decrease in the measured CO 2 concentration, however, was observed after the addition of 10 mmollL of ascorbic acid (14%), DL-{j-hydroxybutyric acid' (12%) or imidazolelactic acid (15%; Table 1 ). No changes in measured CO 2 were noted after the addition of up to 10 mmollL of imidazole-4-acetic acid, L-glutamic acid, lactic acid, methylmalonic acid, 5-hydroxyindol-3-acetic acid, or argininosuccinic acid. 
DISCUSSION
The Kodak Ektachem is a commonly used analyser which utilizes ion selective electrode technology to determine total CO 2 concentration. Organic acids in normal children are usually found in low concentration (jLmoI/L). However, genetic metabolic diseases often cause the concentration of various serum organic acids to rise in magnitude to several mmol/L.6-8 The organic acid concentrations used in this investigation may therefore be encountered in patients with organic acidemia. The present study documents the apparent effect of increased concentrations of 22 commonly encountered organic acids and drugs on the measurement of CO 2 by the Ektachem 700.
In the MSUD patient, the discrepancy between the measured total CO 2 concentration and the derived HC0 3 -concentration most likely resulted from interference by organic acids with the determination of the total CO 2 by the Ektachem Subsequently, total CO 2 , anion gap, pH, and derived HCOi were measured simultaneously in 11 diabetic keto-acidotic children to determine the clinical significance of the interference of increased serum L-( + }-hydroxybutyric acid and acetoacetic acid concentrations on the determination of total CO 2 , Table 2 demonstrates that total CO 2 values for most patients were higher than the derived HCOi.
A linear regression analysis revealed poor correlation between total CO 2 previous reports. 1, 3 In the 11 children with diabetic keto-acidosis, the discrepancy between measured total CO 2 and derived HCOi is clinically relevant in certain patients only. Those with CO 2 concentrations below 10 mmollL are usually treated with insulin intravenously and those with a CO 2 concentration above 10 mmollL are often treated with insulin subcutaneously, although other factors are also considered in this decision. Therefore, the discrepancy in CO 2 concentration might affect the mode of therapy in some patients and these discrepancies need to be evaluated in light of potential interferences. Total CO 2 and derived HCOi correlated very poorly in our neonatal group while the two analytes demonstrated good correlation in older children. Little information concerning serum organic acid concentrations in neonates is currently available. However, it has been shown that urinary organic acids are increased by several folds in premature and full-term neonates." Thus, serum organic acid concentrations could be elevated in this patient population and may contribute to the discrepancy seen between the measured total CO 2 and derived HCOi.
In conclusion, several organic acids interfered significantly with the measurement of CO 2 concentration by the Ektachem 700 and may have caused the discrepancy between the measured CO 2 and the derived HCOi in neonates. Although the actual mechanism of this interference is unknown, possibilities include interference by junction potential error and carboxylic acid radicals. Clinicians should be aware that when organic acid concentrations are increased, the Ektachem 700 total CO 2 result may be falsely raised.
